Study objective: Emergency department (ED) crowding and patient boarding are associated with increased mortality and decreased patient satisfaction. This study uses a positive deviance methodology to identify strategies among high-performing, low-performing, and high-performance improving hospitals to reduce ED crowding.
INTRODUCTION Background and Importance
The Institute of Medicine and the American College of Emergency Physicians have identified emergency department (ED) crowding as a critical threat to public health. 1, 2 Exposure to dangerously crowded ED conditions is associated with increased short-term mortality, delays in care, and worse patient experience. 3, 4 With more than 130 million annual ED visits 5, 6 and increasing demand for ED services, the negative effects of ED crowding on public health will continue to intensify. 1 However, effective strategies to reduce ED crowding remain ill defined despite a decade of operations research. 3, [7] [8] [9] [10] [11] First, to our knowledge there have been no systematic efforts to study hospitals with different levels of performance, and the majority of previous studies have evaluated single interventions at single sites. [12] [13] [14] Second, we have a limited understanding of the influence that critical organizational characteristics play on ED performance because these variables are difficult to measure and are rarely studied. 15 Third, most studies have focused on processes within the ED, but fail to examine root causes of ED crowding, such as the lack of inpatient beds, 16 which may be outside of ED control. Without an understanding of effective strategies, hospitals may invest in high-intensity yet ineffective attempts to reduce ED crowding.
Editor's Capsule Summary
What is already known on this topic Emergency department (ED) crowding and patient boarding are persistent problems despite decades of effort.
What questions this study addressed
This qualitative study compared organizational characteristics of 12 EDs with low, high, and improving performance on length of stay and boarding metrics to identify those associated with better performance.
What this study adds to our knowledge Four organizational properties were associated with better-performing EDs: senior executive involvement, hospitalwide strategies, data-driven management, and performance accountability. No specific interventions were clearly associated with better performance.
How this is relevant to clinical practice
Better performance on crowding and length-of-stay measures is associated with broad organization characteristics, but not specific implementation mechanisms.
Goals of This Investigation
We sought to identify effective organizational practices to reduce ED crowding, using a positive deviance approach. 20 We used quantitative data to define a sample of high-and low-performing hospitals on measures of ED crowding. We then applied qualitative methods-semistructured interviews with hospital leaders and staff-to elucidate the complex organizational factors (eg, work processes, social interactions, organizational culture, norms) that distinguish high-and low-performing hospitals. We analyzed interviews from a separate group of high-improver hospitals to validate these findings.
MATERIALS AND METHODS Study Design and Selection of Participants
In this mixed-methods study, we used quantitative methods to identify a cohort of hospitals with high performance, low performance, and highest improvement in ED lengths of stay for admitted patients and then sampled from these groups of hospitals for detailed interviews. We sampled from a national cohort of hospitals that participate in the Centers for Medicare & Medicaid Services (CMS) reporting program for ED timeliness metrics. 21 CMS added ED timeliness measures to the hospital value-based purchasing program in 2012, assessing a financial penalty to hospitals that did not report measures, including median ED length of stay (measure ED-1b) and median boarding time (measure ED-2b) for patients who are admitted to the hospital for inpatient care.
We previously developed a risk-adjustment methodology to facilitate comparisons of performance on CMS ED timeliness measures. For this study, we arrayed all hospitals according to their case-mix-adjusted 22 performance in 2012 and 2013. We identified 3 groups of interest: high performance, low performance, and high improver. Highand low-performance hospitals were defined as those in the top or bottom 5%, respectively, for both ED length of stay and boarding time for admitted patients in 2012. "High improving" hospitals were defined as those with the top 7.5% improvement for both ED length of stay and boarding time for admitted patients between 2012 and 2013.
We used a purposive sampling approach to recruit 4 hospitals in each of the 3 performance strata. Our sample hospitals were selected to represent diversity in characteristics that might affect strategies to reduce ED crowding within each stratum. We matched hospitals across strata on region of country, urban or rural status, hospital occupancy, and annual ED admissions. We contacted the chief executive officer and ED director of purposively selected hospitals. When requesting study participation, we did not disclose performance status. Using a "snowball" approach, we asked the initial set of interviewees at each hospital to suggest additional key informants within their organization, such as administrative leadership of the hospital and people who are part of crowding and hospital flow task forces.
The study was conducted between January 2015 and June 2016. At the start of the study, only 2012 CMS data were available for identification and recruitment of high-and low-performance sites. We used subsequent CMS data from 2013 to identify high improver sites, as well as to verify the stability of high-and low-performance designation with 2012 data.
All study activities were approved by Oregon Health & Science University Institutional Review Board, and we followed the Standards for Reporting Qualitative Research. 23 
Methods of Measurement
We conducted detailed interviews by telephone with key hospital informants, with an average of 5 interviews per hospital. Each interview was conducted by 2 experienced interviewers who were blinded to the performance level of 
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Chang et al the hospital. One interviewer (A.M.C.) was a boardcertified emergency physician with 6 years of academic and community practice experience, and the other interviewer was a qualitative research specialist who has studied clinic practice change for several years. A semistructured interview guide was pilot tested within our hospital leadership and crowding committee experts and then iteratively refined during the course of the study (Appendix E1, available online at http://www.annemergmed.com). Interviews averaged 1 hour long, were audiotaped, and were professionally transcribed.
Primary Data Analysis
A multidisciplinary team, including experts in emergency medicine, hospital administration, health policy, and organizational change, used a grounded theory approach to develop hypotheses.
We began with an open coding approach that involves examining the data to identify themes. The codes were then grouped into higher-order categories. Analysis and coding of additional transcripts from new interviews were compared with previously coded data. We used ATLAS.ti software (Scientific Software Development GmbH, Berlin, Germany) to facilitate review, analysis, and reporting of data.
We continued to analyze data as a group until the emerging codebook was stable (ie, definitions of codes were no longer changing) and reliable (ie, independent reviews of the same transcript yielded similar codes). Three study team members who were blinded to the performance status of each hospital (A.M.C. and D.C.) then completed initial coding of all transcripts. In addition, 2 team members (A.M.C. and D.C.) examined all transcripts to identify specific strategies as characterized by interviewees.
The process of data collection, coding, and constant comparison continued until no new concepts were identified (theoretic saturation). 24 These concepts were sorted, named, and grouped within our multidisciplinary team. After all data had been coded, hospital performance was revealed to the coders. To generate hypotheses about effective strategies, we performed additional analyses to assess how organizational practices varied by hospital performance level, using a case comparison method of each stratum. 25 
RESULTS
There were 2,619 hospitals that reported both ED length of stay and boarding time metrics to CMS Hospital Compare in 2012. Table 1 describes the characteristics of the 12 participating hospitals. ED length of stay worsened from 2012 to 2013 for 1 of the 4 high-performance hospitals (2% to 9% ranking), although risk-adjusted performance remained in the top 10% for all measures in both years. Rankings were stable for all low-performance hospitals. High improving hospitals demonstrated 14% to 58% absolute percentile rank increases on ED timeliness measures between 2012 and 2013. Hospitals that chose to participate were similar to hospitals that were invited but declined to participate (Table E1 , available online at http://www.annemergmed. com). We interviewed 60 staff members, including hospital executives, ED chairs and directors, nurse managers, and hospitalists (Table 2) .
Interviewees from all strata of hospital performance had a shared theoretical model of ED crowding: the lack of inpatient beds and disposition led to boarding of admitted patients in the ED. Inpatient boarding reduced the effective capacity of the ED to evaluate and treat new patients, which in turn led to ED crowding.
When you get an emergency department functioning very well, it really means that the hospital is functioning very well because if the back of the house has not really owned the emergency department patients to the degree that they do as an inpatient, it creates a certain amount of sluggishness in the system.
-Hospital 2, chief executive officer
With this understanding, hospitals across all strata addressed performance by using both within-ED and hospitalwide interventions 19 to reduce ED crowding (Table 3 ). We did not find an obvious relationship between specific strategies used and hospital performance level; that is, there were no strategies that were consistently used across high-performing hospitals, or consistently not used in low-performing ones. Rather than the selection of strategies, interviewees stressed that that difference was in how the organization supported the execution of a strategy.
I think the biggest challenge is the execution. And in many areas the execution has not gone forward. Whether there's not a champion or the person who's championing it is not pushing hard enough, or there's no incentives or disincentive, really no carrot or stick to try to make things go.
-Hospital 3, ED chair
Four broad domains characterized and differentiated participants' experiences in our study hospitals: executive leadership involvement, hospitalwide coordinated strategies, data-driven management, and performance accountability (Table 4) . High-and low-performing hospitals differed markedly in each of these domains; high improver hospitals also demonstrated activity and engagement in these areas that approximated the approaches found in high-performing hospitals. We describe the domains and key themes in subsequent sections, with representative quotations from study participants. Table 4 contains additional quotations for each domain, stratified by hospital performance level.
In high-performing hospitals, executive leaders identified hospital crowding as a top priority: they clearly articulated performance goals, provided resources to achieve these goals (eg, capital equipment purchases; new physicians, nurses, and ancillary staff), and had leadership on the floor monitoring performance. For example, in hospital 2, the chief executive officer made a clearly defined target metric: 80% of ED patients would be admitted or discharged within 3 hours. When leadership mapped out key processes to achieve these metrics, the hospital purchased a new CT (computed tomography) scanner and wireless connected ultrasonography machine to improve radiology turnaround times. Finally, executive leaders at this hospital were highly visible and led by example. As the chief executive officer reported, "It was truly because [we] had a chief nurse executive that if these metrics weren't made, she was on the floor as well doing discharges, doing patient care" (hospital 2). Similar accounts of how executive leadership took an active role in reducing hospital crowding were identified in high-performing hospitals.
In high improving hospitals, the impetus for change also started from the top. Hospital executive leadership laid the groundwork for these improvements, such as hiring consultants and new ED leadership to implement changes, building new operational leadership teams, and increasing ED and inpatient capacity.
In contrast, executive leadership in low-performing hospitals did not prioritize crowding initiatives despite acknowledging the causes. ED leadership often felt isolated in their struggle with significant boarding and lengths of stay. Without senior leadership focus to improve ED crowding, low-performing hospitals also reported that there was a lack of support to provide resources, including around-the-clock availability of advanced diagnostic testing, social workers, or case managers.
High-performing hospitals consistently adopted cross-departmental initiatives (eg, ED, radiology, laboratory services, hospitalist, surgery, housekeeping, nursing) to alleviate crowding, and low-performing hospitals rarely did. Participants from high-performing hospitals reported that they developed processes and procedures that anticipated and addressed each step of the patient flow process. These were developed in multidisciplinary meetings and addressed the unique challenges that each hospital faced. As an example, hospital 5 developed strategies for improving bed turnaround times on the inpatient units by working with inpatient medicine teams, bed management, transport, and environmental services.
We [saw] what our barriers were for flow. And we literally tackled each and every one of the different factors. From the inpatient medicine side, we realized that our discharge planning and getting patients out of the hospital in a timely manner was pretty bad.. That meant that we had to improve communication between Table 3 . Number of hospitals in each stratum that implemented specific protocols and processes to decrease crowding. the patients, the nursing staff, physician staff, care management staff.. There was a lot of work also with our bed cleaning folks, our environmental associates. Instead of waiting for the room to go from dirty to clean and then to book transportation for a patient to come, we started doing things in parallel so that we would cut down on kind of waiting time. So a lot of work [was] conducted with bed management. A lot of work with the Table 4 . Quotes that exemplified responses from high-performance, low-performance, and improver hospitals.
ED crowding as an organizational priority High It was led by the ED leadership of both nurses and physicians, but strong oversight by the CEO and the CNO, because they then had to report to the board. So we drove it, mostly because it was very clear to us that there was an expectation that we would meet it.-Hospital 2, VP clinical operations Improver We had just been going through a strategic plan for our health organization, our health system, and identified improving the ED, or what we called the ED transformation as the number one strategic objective for the organization. So when it was defined by the board and the CEO as the number one strategic objective, and then given to me and my time, it was actually kind of easy because the barriers that you have in improving ED throughput, it's hard to argue when you say, "Well, I don't understand how you can't do x, y, or z." This is the number one driving strategy of the organization. Let's make it happen. So it's a little easier to do when you get that kind of high-level support all the way up to the board. Everybody had their part and was expected to report.on what they were going to do, changing their behavior.-Hospital 5, quality director Improver One of the first things we did was give all the individual providers their feedback, individually, on their ED [lengths of stay], their door-to-doc times. And we also showed where they ranked amongst their peers. And we would give this to them every month and then also a quarterly summary. And I would meet with them individually for the outliers to identify issues why they were kind of outlying and not being as efficient as some of the other providers. We could identify hurdles and barriers and try and break those down. So I think that was also a major impact in our ED throughput.-Hospital 9, ED director Low It's one of those things where sometimes you're, like, trying to turn the Queen Mary with a rowboat. Unfortunately,.some people view it in terms of dictating their practice. But we get pushback like that.-Hospital 3, nursing supervisor CEO, Chief executive officer; CNO, chief nursing officer; EMR, electronic medical record.
cleaning folks, the environmental associates, and a lot of work with transport.
-Hospital 5, quality director
Similarly, high improver hospitals show a similar pattern of adopting interdepartmental strategies that addressed each step of patient flow. In contrast, low-performing hospitals reported lack of buy-in for hospitalwide coordinated strategies. Despite initiatives, interviewees reported "turf wars" between services that delayed admission times.
There's length-of-stay committee meetings that we go to. But a lot of that is just sort of hearing what people are working for and making some suggestions. But it's hard in the emergency department to affect change on the rest of the hospital except just trying to push this information out there, give them suggestions. But we still got a lot of pushback. I had a meeting with our chief medical officer this morning. And we talked about the initiatives they're trying to work on in overcrowding and how it still has not taken significant effect so that we're still stuck with all these problems in the ED.
High-performing hospitals proactively used data to reduce ED crowding. Data were used in specific ways: changing behavior and plans in real time, providing feedback to personnel on specific cases, and predicting patterns of ED and hospital flow and matching resources to meet the needs of the hospital. Rather than relying on staff perceptions of hospital flow patterns, high-performing hospitals examined previous years of hospital data to change bed and staffing patterns. High improving hospitals also reported that part of their improvement process included learning to collect, report, and use their data in efforts to improve ED crowding. High improving hospitals made real-time data available to all staff as a first step in their transformation. For example, one ED director reported, "We actually have 3 computer screens in our hallway back by our break room that have data on there for our staff to see. So we like to be transparent. We like to be data driven." (Hospital 11, nursing director)
In contrast, at low-performing hospitals, data were most often available only retrospectively, and, if the data were used, they were discussed by executive leadership at monthly or quarterly meetings. Participants from low-performing hospitals questioned the reliability and validity of the data they received and thus did not change practice in accordance with these data.
High-performing hospitals had executive leadership who engaged staff across departments and service lines to affect crowding metrics. These hospitals relied on constant communication and active management to ensure that each service line was sharing the responsibility of throughput. Managers held staff accountable, and outliers were addressed immediately. For example, nursing leadership from hospital 4 followed up with nurses the next day on cases in which there were delays to inpatient admissions to delineate causes and possible solutions. This pattern was found in high improver hospitals, with feedback presented to all staff in a timely manner, and accountability for performance continuously monitored.
In contrast, low-performing hospitals often had services and departments that were siloed and did not have accountability for throughput from the ED. There was a "lack of disposition on the admitted side" (hospital 3, nursing director), without responsibility for these behaviors. For example, staff at one hospital reported that their leadership wanted patients to be discharged before 11 AM; however, with many private inpatient physicians, it seemed like merely a "suggestion," without reinforcement of the policy, and the majority of discharges still occurred after 4 PM.
LIMITATIONS
Our study has several limitations. First, because of delays in published CMS metrics, we defined performance groups according to 2012 to 2013 data. Although it is possible that our rankings do not reflect current performance, we found that performance rankings were unchanged into the most recently available 2014 data (data not shown). Second, we studied 12 of more than 2,600 hospitals participating in CMS reporting of ED throughput metrics. There is potential for reciprocal determination from our interviewees in those who knew their length-of-stay metrics would reinforce this notion within their interviews by providing post hoc explanations versus the actual unmeasured factors. In addition, senior executives were not interviewed at many low-performing hospitals, potentially not participating because they knew of their low performance. We also cannot prove causality, but only association of these organizational characteristics with performance, but in interviewing the high improving hospitals, they highlighted these organizational characteristics as changes that were made.
DISCUSSION
To our knowledge, this is the first study to use a positive deviance approach to understand how high-performance hospitals reduce ED crowding. 20 Our findings are further strengthened by the inclusion of a low-performance comparison group, as well as high improver hospitals, to validate findings. Despite varying performance levels, all respondents shared a common explanatory model of ED crowding as a symptom of inpatient crowding. We did not find that specific interventions were related to performance level. Reported interventions overlapped considerably by performance level; for example, the use of lean quality improvement processes 26 was reported by all hospitals across performance groups. This finding is consistent with systematic reviews that documented heterogeneity of ED crowding interventions and their effectiveness. 15, 19, [27] [28] [29] A potential explanation is that the specific factors driving ED crowding vary by hospital, and the "optimal" approach depends on local causes and resources. Furthermore, success of programs is likely to be highly dependent on the process of identifying causes of crowding and addressing them in sustainable ways, and our high-performing hospitals give examples of how they were able to do so.
We identified distinct organizational characteristics associated with high or improving performance, including executive leadership involvement, hospitalwide coordinated strategies, data-driven management, and performance accountability. These organizational characteristics tended to manifest in high-performing hospitals, whereas the opposite was true in low-performing hospitals. One marked difference between high-and low-performing hospitals was the number of hospital executives who agreed to participate in our study, which in a low-performing hospital indicates lack of leadership involvement.
Our findings are consistent with those of previous multisite studies of ED crowding interventions. The Urgent Matters learning networks included 16 hospitals that implemented multiple initiatives to reduce ED crowding. 19 The networks identified 7 organizational factors that were prerequisites to success, regardless of specific interventions: (1) recognition of ED crowding as a hospitalwide problem; (2) culture of transparency; (3) multidisciplinary, hospitalwide teams to drive quality improvement; (4) support of top management; (5) recruitment of a local "champion"; (6) use of formal improvement methods; and (7) commitment to rigorous metrics. Additionally, the Aligning Forces for Quality program included 28 hospitals that participated in an ED throughput improvement program. 15 These findings and ours suggest that organizational factors are an integral part of ED length-ofstay metrics and driving change, and now are able to give specific examples of how these were implemented or not within hospitals of various performance level. Additionally, we are able to correlate these changes with nationally reported length-of-stay metrics.
Our study and the experiences provided by the literature suggest that interventions are associated with successful implementation if the following are present: ED crowding is a priority for hospital leadership, if the intervention is based on a hospitalwide solution, if data are used to monitor progress, and if there is accountability at the clinical and managerial levels for performance on ED crowding metrics. We are able to provide illustrations of how these characteristics are manifest in high-and low-performing hospitals, and how high improving hospitals were starting to change. Having a hospitalwide culture of these characteristics is more important than the actual interventions. As another example, a recent Canadian initiative to reduce ED crowding included the implementation of 44 discrete interventions to improve patient flow. Interviews with hospital managers revealed a common theme: the lack of a coherent systemwide strategy led to flawed interventions and implementation, and failed to reduce ED crowding. 15 As a next step as part of a positive deviance approach, we plan to use the data to develop a survey that queries these domains in a larger sample of hospitals to verify our findings.
In summary, we found that high performance on ED crowding metrics is associated with specific organizational characteristics, including executive leadership involvement, hospitalwide coordinated strategies, data-driven management, and performance accountability. In addition, specific types of interventions do not appear to be associated with hospital performance; rather, it is the interplay of organizational characteristics that makes for successful implementation of strategies. Attempts to reduce ED crowding have a strong organizational culture; rather than adopting "generic" approaches, interventions should be selected and implemented to address the unique challenges of each hospital.
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